The generalized reaction conditions for the channel expansion from 24R to 72R are given in Table S2 .
Ion exchange experiments:
Powdered samples of 40R-and 48R-NTHU-13 were separately added to 0.01 M CsCl ethanol solutions and stirred for 24 hours at room temperature. The solids were subsequently separated from the solution by filtration under reduced pressure, washed with ethanol and dried under ambient conditions. The results from total reflectance XRF combined with powder X-ray diffraction data confirmed the presence of Cs + ions in the structures. Due to an insufficient amount of samples, reliable quantitative analyses were limited to those from 40R-NTHU-13(Cs) in which one-sixth of the organic templates were confirmed to be replaced by Cs + ions.
Methods

EA
Elemental analysis was carried out on a Heraeus CHN-O-S-Rapid Analyzer using 2-3 mg of each sample.
TXRF
Total reflection X-ray fluorescence spectra were measured on a Bruker S2 PICOFOX equipped with Mo excitation with a high-efficiency module.
SXRD
Single-crystal X-ray diffraction intensity data were collected on a Bruker APEX DUO diffractometer equipped with a CCD area detector and Cu Kα radiation (λ = 1.5418 Å) generated by an IμS micro-focus source at 27-W power (45 kV, 0.6 mA) at 296 K. For all crystals of NTHU-13, frame widths of 0.5º were judged as appropriate, and full hemispheres of data were collected using the Bruker APEX2 (a) software suite to carry out overlapping φ and ω scans at different detector (2θ) settings. Empirical absorption corrections based on symmetry-equivalent reflections were applied using the SADABS program (b), and all calculations were performed using the PC version of the SHELXTL program package (c).
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VTPXRD
Variable-temperature powder X-ray diffraction patterns were measured using synchrotron radiation (λ= 1.03321 Å) at the National Synchrotron Radiation Research Center (NSRRC), Taiwan, with a 01C beam line in transmission mode, and the continuous heating rate was set to 10 o C min -1 .
PXRD X-ray powder diffraction patterns were measured on a Bruker D2 PHASER desktop diffractometer at 300-W (30 kV, 10 mA) power.
TGA
TGA curves were measured on a Perkin-Elmer Pyris 1 TGA thermal analyzer with samples held in platinum pans in a continuous N 2 flow atmosphere and heated at a constant rate of 10 o C min -1 .
Solid-State NMR
High-resolution solid-state nuclear magnetic resonance (NMR) spectra were recorded at ambient temperature on a Bruker AVANCE III 400 NMR spectrometer using a standard Bruker magic angle-spinning (MAS) probe with 4-mm (outside diameter) zirconia rotors for 13 C data. Cross-polarization with MAS (CP/MAS) was used to acquire 13 C data at 100.6313 MHz. The 13 C ninety-degree pulse width was 2.7 μs. The CP contact time was varied at 1 ms. The MAS sample spinning rate was 10 kHz. The recycle delays for CP/MAS between scans varied between 2 s, depending upon the compound and determined by observation of no apparent loss in the 13 C signal intensity from one scan to the next. The 13 C chemical shifts are given relative to tetramethylsilane, set at zero ppm, and calibrated using adamantane assigned to 38.51 ppm as a secondary reference.
A 19 F chemical shifts are given relative to trichloro-fluoromethane, set at zero ppm, and calibrated using F-adamantane set at -126 ppm as a secondary reference.
PL
Photoluminescence emission spectra were measured on powder samples on a Fluorolog-3 spectrofluorometer equipped with a Xe lamp (450 W) as the excitation light source.
Gas adsorption experiments
Nitrogen adsorption/desorption isotherms were measured on a Micromeritics ASAP 2020 analyzer at 77 K. Prior to the measurements, the samples were degassed under vacuum. The Brumauer-Emmett-Teller (BET) method was used to calculate the specific surface areas. The micropore surface area was calculated using the t-plot method with a relative pressure P/P 0 of 0.01-0.35. The structure of 28R-NTHU-13 and its four building blocks
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The structure of 40R-NTHU-13 and its four building blocks
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The structure of 48R-NTHU-13 and its four building blocks
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The structure of 56R-NTHU-13 and its four building blocks
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The structure of 64R-NTHU-13 and its four building blocks
Fig. S8
The structure of 72R-NTHU-13 and its four building blocks
Fig. S9
Distributions of the monoamine templates inside channels: from left to right: 24R, 28R-, 40R-, and 48R-NTHU-13. The ammonium heads were observed to point toward the negatively charged building blocks of the inorganic walls
Fig. S10
Channel-wall expansion from 24R to 40R, 48R, 56R, 64R and 72R
Fig. S11
Solid-state NMR spectra for 40R-NTHU-13
Fig. S12
Solid-state NMR spectra for 48R-NTHU-13
Fig. S13
Solid-state NMR spectra for 56R-NTHU-13 (the sharp peak at -127.649 ppm was from impurity)
Fig. S14
TGA curve in flowing N 2 gas, observed total weight lost for 40R-NTHU-13 (black) is 32.7%, (which calculated value is 32.1%, content 4 coordinated H 2 O, 2 HF, and 6 octylamine); observed weight lost for 48R(10C)-NTHU-13 (red) is 35.8%, which calculated value is 36.1%; observed weight lost for 48R(12C)-NTHU-13 (green) is 39.1%, which calculated value is 39.8%, and observed weight lost for 56R-NTHU-13 (blue) is 38.9%, which calculated value is 38.5%. * The structure is a Ga-analogue of NTHU-5. † The amount given for each of these reactants is in mmol. ** In this synthesis a swelling agent of trimethylbenzene was indispensible, see description in "Materials" Table S3 .
Crystallographic data and refinement results* *The organic amine templates were disordered with their electrons densities not included in structure refinements (in "SQUEEZE" mode). **The structure is a Ga-analogue of NTHU-5. Organic templates were located and refined. (5) 27284 (2) 23418.4 (7) 32337 (3) *The data were measured on different samples: the one yielding the results showing in (a) and (b) was the ion-exchange product from 0.05M CsCl in 95% ethanol as the solvent, where Cs + ion seemed to replace almost all the organic templates based on ICP-MS and EA data, but with frameworks collapsed to a certain degree. The results in (c) was from the product with ion-exchange performed in 0.01M CsCl in 99.5% absolute ethanol without collapsing the framework. ** The calculations were based on the assumption that one Cs+ ion replaces one template and that the replacement was complete. 
